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ABSTRACT The chicken major histocompatibility complex (MHC) exerts genetic influence over a variety 
of important biological functions including immune response, disease resistance, growth and development, 
aging, and reproduction. The chicken MHC possesses at least three subregions encoding distinct gene 
products. The B-G subregion encodes antigens unique to erythrocyte surfaces. The B-L and B-F subregions 
encode cell surface glycoproteins homologous to mammalian Class II and Class I antigens, respectively. 
Class I and Class II molecules are crucial for recognition of self vs. nonself and for cell communication, 
and therefore are fundamental for all immune responses. Studies of chromosomal recombinants have been 
particularly useful in eliciting the structure and function of subregions of the chicken MHC. 
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INTRODUCTION 
The major histocompatibility complex 
(MHC) is a cluster of genes which was first 
discovered in the mouse on Chromosome 17. 
Identified with antigens carried on the surface 
of cells, it has been called a "supergene" be-
cause it codes for at least three gene products. 
These gene products are involved in regulation 
of the immune system, in growth and develop-
ment, in aging, and in reproduction. The first 
application of the discovery of MHC to human 
medicine involved tissue and organ transplanta-
tion, hence the term, histocompatibility. The 
MHC was originally identified in the mouse by 
its role in tumor regression; the discovery of the 
MHC in humans (designated the HLA) dates 
back to 1958. In 1961, Dr. Louis Schierman, 
then a graduate student at Iowa State University, 
was the first to recognize the relationship of the 
B blood group system to tolerance of skin grafts 
exchanged between White Leghorn chicks 
(Schierman and Nordskog, 1961). Grafts be-
tween birds of the same B blood type were ac-
cepted; those exchanged between birds of unlike 
B blood types were consistently rejected. This 
finding linked the B blood group gene to the 
chicken MHC. 
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RESULTS AND DISCUSSION 
Results of 12 years of observations at Iowa 
State University on the influence of the MHC 
on adult mortality of S { Leghorns are presented 
in Figure 1. The top line plots the mortality of 
pullets carrying the S'B1 blood type; the lower 
line plots the mortality trend of the controls. 
The latter represents a composite of the B blood 
group heterozygotes involving the 3 alleles B2, 
B]9, and B2]. The BXBX homozygotes consis-
tently had mortality levels above 30%. The con-
trols averaged a death rate of about 10%, which 
was approximately 20% lower than that of B'B1 
pullets. These observations suggest that some 
major genes for fitness map in or near the MHC; 
they illustrate the important role of the MHC in 
avian physiology. Later studies with MHC re-
combinants suggested that survivability is as-
sociated with the immune response region and 
not necessarily with the Ea-B blood group per 
se. 
The assignment for this section of the sym-
posium was to focus on chicken MHC subre-
gions. Our knowledge of the structure and func-
tion of the chicken B complex, compared with 
complexes of mouse H-2 and human HLA, is 
very fragmentary. We have made a start, but 
there is much to learn. Perhaps that is the main 
purpose of the symposium: to outline where we 
stand today and how we should proceed with 
research on the chicken MHC. 
The mouse MHC, the H-2 complex, was dis-
covered first and has been intensively studied. 
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FIGURE 1. Twelve years of observations on laying 
house mortality in SI Leghorns of the B'B' haplotype vs. 
a control group. The regression trend is towards lower mor-
tality in B'B1, i.e., b, = 1.01 (P<.05). For the control 
group b2 = + .36 (nonsignificant). 
Extending from the K to the D region on 
Chromosome 17 and spanning .3 centimorgans, 
the H-2 complex embraces about 600 kilobase 
(kb) pairs. The K and D loci control the produc-
tion of Class I protein molecules. Class II cell 
surface antigens are encoded by genes in the 
immune response {IK) region. The S region con-
trols C4 complement production and also codes 
for a sex-limited protein. 
The human MHC (the HLA complex) has 
many features in common with the mouse H-2 
(Figure 2). Both carry an enzyme marker gene, 
glyoxalase (GLO), next to the centromere. Our 
studies with GLO in the chicken clearly demon-
strated polymorphic variants of this enzyme 
(Rubinstein etal., 1981), although it proved not 
to be linked to the chicken B complex. 
Loci DIDr and A of the human HLA, corres-
ponding to the K and D regions in the mouse, 
are about two recombination units apart (Figure 
2). Because these regions produce the same gene 
products, they are thought to have arisen by 
gene duplication. Evidence for a gene duplica-
tion in the chicken B complex is only now 
emerging (Miller et al., 1986). 
Genes controlling complement activity, in 
particular the Bf, C2, and C4 components, have 
been identified in the human HLA and murine 
H-2 systems. Studies at Iowa State University 
on complement in chickens have shown evi-
dence of C4 linkage to the B complex (Lee and 
Nordskog, 1982), but so far, polymorphic dif-
ferences in C4 have not been detected. 
As already mentioned, information on the 
chicken B complex is fragmentary as compared 
with the mouse H-2 or the human HLA. The 
three-locus model of Pink et al. (1977) consist-
ing of B-L, B-F, and B-G was formally accepted 
by a multi-national ad hoc committee of 16 sci-
entists meeting at an MHC workshop in 1981 
in Innsbruck, Austria (Brilesef al., 1982). Some 
important biological reactions of the MHC in 
chickens are presented in Table 1, with names 
of the pioneer workers shown in parentheses. 
Serological reactions are associated with the B-G 
and B-F subregions. Histocompatibility reac-
tions (skin grafting) are associated with Class I 
antigens of the B-F region but graft vs. host (G 
v H) reactivity is seemingly determined by both 
the B-F and B-L regions (Lee and Nordskog, 
1981). Population fitness (lower part of Table 
1), as defined by egg production, body growth, 
and survival has not been clearly differentiated 
with respect to a specific region of the MHC. 
Hence, we can assert only that the MHC, in 
general, plays a role in population fitness. 
Pevzner et al. (1975) demonstrated that birds 
of the BlB[ haplotype produced significantly 
fewer antibodies to Salmonella pullorum than 
control haplotypes, suggesting that an immune 
response gene is associated with the MHC. Later 
studies showed that immune response to human 
serum albumen and to certain amino acid poly-
mers including (T, G) A-L, GT, and GAT was 
associated with the B complex (Pevzner et al., 
1979). Perhaps most important was the identifi-
cation of a recombinant between MHC genes 
coding for serological determinants (presumably 
B-F and B-G) and the IR gene controlling im-
mune response to the synthetic polypeptide, 
GAT (Pevzner et al, 1978). Both low and high 
responders were recovered as recombinants 
from B'B1 and BWB19 birds. General mortality 
of the GAT-Low responders was significantly 
higher than that of the GAT-High responders. 
Specific resistance to Marek's disease (Pevzner 
et al., 1981) and to RSV-induced tumor mortal-
ity (Gebriel et al., 1979) was also associated 
with the immune response to GAT. 
We postulate that serum hemolytic comple-
ment activity is associated with a separate region 
I — 2 Recombinant Umt~ 
Chromosome 6 




FIGURE 2. A schematic representation of the human 
HLA major histocompatibility system (Bach et al., 1976). 
GLO = enzyme marker gene, glyoxalase. 
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TABLE 1. Biological reactions of the major histocompatibility complex in chickens 
Laboratory studies B-G B-F B-L B-C Ea-B 
Serologic (Briles et ah, 1982) 
Skingrafts (Schierman and Nordskog, 1961) 
Graft vs. host (Lee and Nordskog, 1981, 1982; Lee, 1984) 
Total hemolytic complement (Chanh, 1976) 
Immune response to synthetic antigens (Benedict, 1975) 










(B-C) corresponding to the S region in the mouse 
MHC. Immune response is assumed to be linked 
to the B-L region. The IgG serum levels have 
been shown to be associated with the MHC and 
putatively, in the B-L region (Rees and 
Nordskog, 1981). Figure 3 presents a kinetic 
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FIGURE 3. Maturation of serum IgG in five different 
B complex genotypes from the SI Leghorn Line, from the 
B2B2, B'B'-GAT-H (high) and B'B'-GAT-L (low), and 
8I9BI9-GAT-H and L lines (from Rees and Nordskog, 
1981). 
age groups of five different haplotypes: 5'#'-/r-
GAT-High (and -Low), B2, andfl19B'9-Ir-GAT-
High (and -Low). Substantial differences in the 
production of serum IgG are indicated. Both 
Ir-GAT-Uigh haplotypes (fl'51 and flI9B19) de-
veloped IgG serum concentrations faster than 
the Ir-GAT-Low haplotypes suggesting that Ig 
level is associated with the B-L or IR region. 
A study on C4 (the 4th component of comple-
ment) concentrations (Lee and Nordskog, 1982; 
Wathen et al., 1984, 1985) in chicken plasma 
indicated differences between haplotypes (Fig-
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FIGURE 4. C4 complement level in chicken plasma, 
by major histocompatibility complex haplotype for B'B' H 
(high) and L (low) and B19B19-GAT-H and L lines (Lee, 
1984). 
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C4 plasma concentrations than the Ir-GAT-Low 
haplotypes. 
Table 2 presents MHC genes in terms of their 
products and functions. The functional role of 
these products can be classified as either effector 
or regulator. The former consists of antibody 
production by B lymphocytes and cellular im-
munity by T cells. The T cells also function in 
a regulator capacity. Helper T cells cooperate 
with B cells for antibody production. Other sub-
classes are responsible for cytotoxic or suppres-
sor functions. Normal recognition of self is car-
ried out in the context of the MHC molecule 
and is fundamental for all immune responses. 
Classes I, II, and IV molecules are cell sur-
face glycoproteins. Class I (B-F) antigens are 
located on all cells. Class II (B-L) antigens are 
restricted to monocytes, macrophages, B cells, 
and some T cells. In addition, hemolytic com-
plement components (Class III molecules) are 
found in the serum. Unique to the avian species 
is the Class IV (B-G) molecule, found only on 
the surface of erythrocytes. 
The known biochemical gene products of the 
chicken B complex are closely homologous to 
those identified with mouse H-2 and human 
HLA. The Ea-B blood group controlling erythro-
cyte surface antigens has served as the principal 
marker of avian MHC. Two loci for Ea-B, B-G 
and B-F, have been identified. The B-F surface 
molecule has a molecular weight of 40 to 45 k 
daltons (Ziegler and Pink, 1976). The B-G locus 
codes for red blood cell surface antigens of about 
42 k daltons in reduced form (Pink et al., 1977). 
The B-L locus codes for two polypeptide chains 
of approximately 27 and 32 k daltons, according 
to Ziegler and Pink (1978). Studies using mice 
demonstrate a close correspondence between 
immune response phenomena and so-called I 
region-associated (la) antigens now more com-
monly referred to as Class II antigens. 
Class I antigens consist of a single chain of 
three globulin domains plus a noncovalently as-
sociated B2 microglobulin. Class II antigens 
consist of two chains (a, and a2 and B( and 
82), both with a tail structure that pierces the 
cell membrane into the cytoplasm. This struc-
ture, first described from mouse studies, has 
also been confirmed for chicken Class II 
molecules by Crone et al. (1981a,b). 
The question of whether Class II antigens in 
chickens are equivalent to IR antigens (or la 
antigens in mice) has been addressed by using 
the Iowa State S1 Leghorn population segregat-
ing for Ea-B alleles and immune response genes. 
TABLE 2. Functions of major histocompatibility 
complex gene products 
Cells affected Function 
Effector 
B Antibody production 
T Cellular immunity 
Regulator 
T Helper functions 
T Suppressor functions 
T Cytotoxicity 
R. Birkmeyer used techniques of affinity 
chromatography and immunoprecipitation to 
work on this problem when he was associated 
with our lab in 1982 to 1983 (Birkmeyer, 1982). 
Antisera were produced by reciprocal immuni-
zations between Ir-GAT-High and Ir-GAT-Low 
birds matched for B blood groups to produce 
anti-B-L antisera, or by reciprocal immuniza-
tions between birds matched for Ir-GAT, but 
mismatched for blood type, to produce antisera 
to B-G and B-F antigens. His results suggested 
that IR genes, controlling immune response to 
the amino acid polymer, GAT, code for proteins 
equivalent to Class II antigens associated with 
the B-L locus. Studies are currently under way 
in an attempt to verify his results. 
CONCLUSIONS 
All vertebrate species that have been studied 
possess an MHC. Studies show that the chicken 
MHC is similar to the mammalian MHC in the 
structure and function of gene products. In par-
ticular, Class I and Class II antigens are closely 
homologous between species. At Iowa State, 
we have relied heavily on the mouse H-2 com-
plex as a model for studies on the chicken B 
complex. However, this may not be appropriate, 
since evidence suggests the early evolutionary 
divergence of avian species from mammalian 
species. We are not able to say, however, that 
the chicken is necessarily more primitive than 
the mouse: it appears that the chicken has merely 
branched off and evolved in a separate direction. 
As we learn more about the chicken MHC, we 
may well find more differences than similarities 
of the chicken MHC when compared with mouse 
H-2 or human HLA. Much work is yet required 
to establish a useful gene map of the chicken 
MHC. Perhaps current and future work on MHC 
analysis at the molecular level will help to pro-
vide this information. 
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